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Abstract 
Methodological study on structural and logical interrelation of a basic course of “Organic chemistry” with the subsequent 
disciplines, such as “Biochemistry”, “Bioorganic chemistry”, “Chemistry of natural compounds”, “Chemistry and technology of 
natural heterocyclic compounds” and "Technology of processing of medicinal plants" for the improvement of technique of their 
teaching and formation of student competence are presented in this article, based on the personal experience of authors, which 
has been collected within several years on lecturing and carrying out a laboratory and practical training on the above mentioned 
disciplines. The conducted research on interrelation of the courses will promote their mutual enrichment and improvement for the 
effective training of students and most importantly for development of student competence in their research work. 
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1. Main text  
The course of “Organic Chemistry” is a fundamental discipline for the subsequent chemical and biological 
disciplines, and, for a greater extent, for general courses like: “Biochemistry”, "Bioorganic chemistry”, as well as for 
special courses.  The course of “Bioorganic Chemistry”, and, equally, the course of “Biochemistry”, is the 
interdisciplinary disciplines, which have arisen on a border of sciences, and the objects of their study are the natural 
organic compounds.  For the students of al-Farabi Kazakh National University, specializing in chemistry and 
technology of natural compounds, a number of special courses, among which the most important are: “Chemistry of 
natural compounds”, “Chemistry and technology of natural heterocyclic compounds” and “Technology of processing 
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of medicinal plants”, is provided.  The latter is connected with chemistry and technology of processing of 
industrially significant plants in the Republic of Kazakhstan for the purpose of allocation of a complex of 
biologically active compounds, its separation, identification and standardization for obtaining pharmaceutical 
preparations.  Concluding from what was stated above all specified disciplines are generally based on the material of 
organic chemistry, its theoretical implications, laws and use of a rich arsenal of physical and chemical methods of 
study of the structure of organic compounds. 
1.1. The aim and the objectives of the study 
The aim of the study is the comprehensive analysis of knowledge, gained by students, while studying the main 
classes of natural organic compounds in the course of “Organic chemistry”, and estimation of the extent of their use 
in the subsequent readable disciplines on their specialization.  For realization of this aim systematic analysis of the 
knowledge, gained by students during the course of “Organic Chemistry” for the subsequent disciplines, such as 
“Bioorganic chemistry”, “Biochemistry”, “Chemistry of natural compounds”, “Chemistry and technology of natural 
heterocyclic compounds” and “Technology of processing of medicinal plants” was carried out during several years.  
As a result of the conducted study on the role of the course of “Organic Chemistry” for subsequent general and 
specialized disciplines, students got structured and generalized comparative material on interrelation of structures of 
natural organic compounds, their chemical properties and biological activity, instead of an extensive flow of 
information from the course of “Organic chemistry”.  Throughout the training in the subsequent courses of 
“Bioorganic chemistry”, “Biochemistry”, “Chemistry of natural compounds”, “Chemistry and technology of natural 
heterocyclic compounds” and “Technology of processing of medicinal plants” improvement of the gained 
knowledge occurs, depending on a profile of readable disciplines. 
1.2. Methodology 
Methodology of the conducted study is based on the personal experience of authors, which has been collected 
within several years on lecturing and carrying out a laboratory and practical training on the above mentioned 
disciplines, during the analysis and structuring of studied material, depending on the content of the program of the 
given special courses and taking into account the results of the students certification.  For instance, the course of 
“Bioorganic chemistry” is based on study of organic compounds widespread in a living organism.  It is known that in 
a process of complication of species the amount of organic compounds present in it increases and their structural 
organization becomes more complicated.  Accordingly, in human body there are more than 5 million organic 
compounds.  All classes of organic compounds are a subject of study in a course of bioorganic chemistry.  Therefore, 
the way they are depicted is allocated so, that all the studied material is considered from the position of structuring of 
more significant reactions, reflecting interrelation between a structure of studied organic compounds, their chemical 
properties and biological activities (Robert, 1978). 
Practical orientation on gained theoretical knowledge, when studying various organic compounds related to 
biological molecules (amino, oxy- and oxoacids, proteins, carbohydrates, lipids, vitamins), students perform through 
the laboratory research. As an illustration, the “Amino Acids, Proteins and Enzymes” block includes fixing the earlier 
gained knowledge on chemical properties of amino acids, connected with existence of amino- and carboxyl groups in 
them, as well as carrying out new types of work, such as purification of protein from low-molecular fragments by the 
method of dialysis and study of qualitative and quantitative composition of amino acids in various samples of 
vegetable raw materials.  For estimation of qualitative composition of amino acids methods of one - (with application 
of authentic samples) and a two-dimensional chromatography on the paper with obtaining "the peptide card" are used, 
their quantitative assessment is carried out on a photo colorimeter.  Use of the different types of raw materials or 
substances obtained on their basis, makes possible performance of laboratory works on uniformed methodic, but as an 
individual task for each student (Zhusupova, 2009). 
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2. Main body 
From the course of “Organic chemistry”, it is known that the conjugated system has lower maintenance of 
energy, i.e. lower energy level, in other words, is more thermodynamically stable, than the system with the isolated 
multiple bonds.  Degree of thermodynamic stability was quantified as the difference between the energies of the 
molecules with the conjugated and isolated bonds, which is designated as the pairing energy (resonance energy or 
energy of delocalization).  For example, the gain of energy as a result of conjugation of two p-bonds in 1,3-
butadiene equals to 15 kJ/mol. 
With the increase of the length of the conjugated chain, delocalization of p-electrons increases, coupling energy 
and thermodynamic stability of compounds increases.  Considering open conjugated systems in the subsequent 
courses like: “Bioorganic chemistry”, “Biochemistry”, “Chemistry of natural compounds”, “Chemistry and 
technology of natural heterocyclic compounds” (Traven, 2004) such a data obtained by the students, is a starting 
point for an explanation of higher thermodynamic stability of polyenes, such as ß-carotene (pro-vitamin A), 
widespread in the nature in comparison with the polyenes with the isolated double bonds (Fig. 1). 
Retinol (vitamin of A group) is essential for normal growth and exists in the form of multiple vitamers, retinal 
represents an aldehyde form of A vitamers and is responsible for the light absorption during the visual process.  
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Fig. 1. Structures of A-E-carotene, B-retinol and C-retinal. 
Thermodynamic stability of the reviewed compounds is explained by p,p-conjunction of multiple bonds, and, thus, 
the most stable is going to be the polyene chain of the b-carotene, containing 11 conjugated bonds.  Then come retinal 
(6 conjugated double bonds) and retinol (5 conjugated double bonds).  All the named compounds belong to the 
systems with the open conjugated bonds. The fact of founding of a concept of aromaticity in the course of “Organic 
chemistry” is connected with the existence of closed conjugated system, defining high thermodynamic stability of 
aromatic compounds and correlation of this stability to various сarbo- and heterocyclic nonsaturated compounds, 
which also correspond to all criteria of aromaticity, is interesting by itself.  It is known that over a half of medicinal 
substances applied in the medicine belong to the group of heterocyclic compounds (Belikov, 2003). The closed 
conjugated system of benzene is characterized by high thermodynamic stability (energy of conjugation equals to 
150.5 kJ/mol).  Compound possesses aromaticity, if it has the flat closed loop with sp2-hybridized atoms and single p-
conjugated electron system, covering all the atoms in the loop and containing 4n+2 of p-electrons, where n is a series 
of integers 1, 2, 3... etc., equal to the number of the cycles.  Examples of the aromatic compounds, which are the 
1250   Galiya E. Zhussupova and Aizhan I. Zhussupova /  Procedia - Social and Behavioral Sciences  191 ( 2015 )  1247 – 1254 
objects of study in the general and special courses, are surprisingly various, as they include benzoid structures 
(benzene, naphthalene, anthracene and phenanthrene) and heterocyclic compounds, such as: pyridine, pyrrole, furan, 
thiophene, imidazole, pyrimidine, purine and other.  Resonance energies of some aromatic compounds are provided 
in Table 1. 
 
Table 1. Resonance energies of some aromatic compounds. 
 
Formulae Names Resonance energy, 
kJ/mol 
Formulae Names Resonance 
energy, 
kJ/mol 
 
Benzene 151 
N  
Pyridine 96 
 
Naphthalene 255 
N
H  
Pyrrole 89 
 
Anthracene 349 
S  
Thiophene 120 
 
Phenanthrene 382 
O  
Furan 66 
 
All compounds, presented in Table 1, are aromatic, as they correspond to the criteria of aromaticity, i.e. are the 
conjugated planar ring systems, containing (4n+2) of p-electrons, equal to the number of atoms in loops.  So, 
naphthalene contains 10 p-electrons (i.e. 4n+2, where n=2), anthracene and phenanthrene contain 14 p-electrons 
(n=3), number of the electrons, forming an aromatic sextet of electrons, corresponds to the number of carbon atoms 
in these compounds. Heterocyclic compound pyridine (Table 1) might be regarded as benzene in which one of СН-
groups is replaced with the atom of nitrogen, which was sp2-hybridized, and has on one of sp2-hybrid orbitals a 
couple of electrons, which is not divided.  In other aspects, the electronic structure of benzene and pyridine is 
identical and therefore pyridine is aromatic.  Because of bigger electronegativity pyridinic nitrogen in comparison 
with the carbon displaces to itself the uniformed π-electron cloud, thus lowering the electronic density of an 
aromatic ring.  Therefore, systems with pyridinic nitrogen might be regarded as π-insufficient (Tyukavkina, et al., 
2008). Pyridine nucleus, which is a part of many natural compounds (vitamin PP (nicotinic acid and its amide), 
vitamin B6, NAD+ and NADN coenzymes (oxidized and reduced forms of nicotinamide adenine dinucleotide, 
correspondingly), nicotine, etc.), corresponds to the criteria of aromaticity: all atoms of pyridine are in sp2-
hybridization, therefore, the molecule is planar and single p-electron cloud, which is being formed during the 
conjugation of three double bonds, contains 6 p-electrons.  In medicine not only nicotinic acid or vitamin PP is 
applied, but also its derivatives: nicotinamide, nicodin and diethylamide of nicotinic acid. The group of vitamins B6 is 
characterized by their ability to mutually transform into each other.  The pyridinic state of the nitrogen atom is 
characteristic for such heterocyclic compounds, as imidazole, pyrimidine and purine.  The last is the bicyclic 
compound formed by condensation of imidazole and pyrimidine.  Thymine, uracil, cytosine, adenine and guanine 
belong to the heterocyclic bases of pyrimidine and purine types and are a part of nucleosides, nucleotides and nucleic 
acids (RNA and DNA), adenine also in the structure of a number of coenzymes (NAD+, NADN, NADP+, NADPN, 
ATP, ADP, etc.).  
Biochemical functions of vitamin PP are defined by participation of nicotine amide in construction of nicotine 
amide coenzymes of NAD and NADP (nicotinamide adenine dinucleotide phosphate), catalyzing oxidative-reduction 
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reactions in a cell, as shown on Fig. 2 on the example of transition from NAD+ to NADN. About 300 enzymes, 
functioning with the participation of oxidized and reduced forms of NAD and NADP, are known (Zhusupova, 
2009). 
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Fig. 2. A-B Structures of NAD+ and NADN 
 
In the following heterocyclic compound – pyrrol (Table 1), the nitrogen atom is also sp2-hybridized, but all three 
of its sp2-hybrid orbitals participate in σ-binding.  Not divided couple of electrons of the nitrogen atom occupies pz-
orbital and can interact with four pz-electrons of the carbon atoms, forming the general six-π-electron system, 
therefore, pyrrol might also be called aromatic.  Nitrogen in such electron state is called pyrrole.  Six-electron π-cloud 
belongs to the five-center system, and, therefore, pyrrol is a π-excessive or superaromatic system.  Existence of such 
system strongly influences reaction ability of pyrrol, characteristic for aromatic compound reactions of electrophilic 
substitution, for it occur under the very mild conditions (Traven, 2006). The aromatic pyrrol ring often occurs in 
various multinuclear systems; of which the most important is the aromatic porfin nucleus (Fig. 3), which is also a part 
of hemoglobin and chlorophyll. 
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HNN
 
 
Fig. 3. Structure of porfin 
 
Porfin possesses a uniform π-electron cloud, containing 26 π-electrons, from which 22 are of eleven conjugated 
double bonds and two not divided couples of electrons of the nitrogen atom. It differs by the high thermodynamic 
stability (energy of coupling reaches 840 kJ/mol). Heterocycles thiophene and furan also correspond to all criteria of 
aromaticity (Table 1).  All atoms of their cycles are in sp2-hybridization, therefore, they are flat, and uniform π-
electron cloud, containing an aromatic sextet of electrons, is formed from four pz-orbitals of the carbon atoms and pz-
orbital with the couple of electrons from the heteroatom.  The most important representative of furan derivatives is 
furfural (2-furanil aldehyde), which is industrially obtained from the polysaccharides, containing pentose as a 
monosaccharide unit, by boiling them with the diluted acids (Brown, et al., 2012). 
When studying the hydroxyl containing compounds in the course of “Organic chemistry” the comparative analysis 
between alcohol and phenolic hydroxyl groups is performed.  Of which phenolic differ by their higher acidity due to 
mesomeric effect (+M-effect) or conjugation effect between not divided couples of electrons of the oxygen atom of 
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phenolic hydroxyl group and π-electrons of the related aromatic ring, representing closed conjugated system and 
providing р,π-conjugation of substitute and aromatic sextet of electrons.  Mutual influence of phenolic hydroxyl 
group and aromatic cycle provide mobility of a proton of hydrogen, on the one hand, and easy course of known from 
the course of “Organic chemistry” reactions of electrophilic substitution on aromatic ring (halogenation, nitration, 
sulfonation, alkylation and acylation). In special courses of “Chemistry of natural compounds”, “Technology of 
processing of plant materials” mobility of hydrogen of a phenolic hydroxyl is used in qualitative reactions to 
distinguish two or three vicinally arranged phenolic hydroxyl groups in natural polyphenols, and also in the 
spectroscopic analysis on effect of their presence at the specific position in an aromatic cycle.  It is known that natural 
polyphenols (hydrolyzed tannins, and in a more extent condensed) are the most important natural antioxidants, which 
have to be considered and are the key for consideration of biological activity of various groups of polyphenolic 
compounds in special courses.  Such groups of natural compounds also include widespread in flora phenolic acids, 
oxidized and reduced flavonoids and their glycosides (Brown, et al., 2012). When reading the “Carbonic Acids 
(mono- and dibasic) series of saturated and unsaturated, oxy- and oxoacids” module within the course of “Organic 
chemistry” the questions connected to the classification, nomenclature, reaction ability of these compounds, caused 
by the existence of carboxyl group, and also features of dibasic acids, oxy- and oxoacids, caused by the mutual 
influence of functional groups are considered.  The questions listed above are further studied in such courses, as 
bioorganic chemistry, biochemistry and other.  Neutral lipids (solid fats and oils) represent esters of the higher 
carbonic acids and glycerin (triglycerides) and, therefore, questions of the mechanism of formation of ester bond and 
its hydrolysis, structure and properties of esters, unsaturated higher carboxylic acids are basic for understanding of 
physiological action of lipids and the role of polyene acids (Toriyama-Baba, et al., 2001). 
Intermolecular forces of an attraction between polar molecules of organic compounds in which hydrogen of one 
molecule is connected to the electronegative atom of O or N type of another molecule with the formation of hydrogen 
bond are reviewed in the course of “Organic chemistry”.  Hydrogen bonds between molecules in alcohols lead to the 
higher temperatures of boiling in them, comparing to the corresponding halogen derivatives.  Similarly, existence of 
dimers in solutions of carbonic acids defines exclusively high temperatures of their boiling (Fig. 4). 
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Fig. 4. A-B Hydrogen bonds in alcohols and carbonic acids 
 
Existence of hydrogen bonds is one of the reasons for stability of two polynucleotide chains towards each other in 
a DNA molecule (Fig. 5). 
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Fig. 5.A-B  Hydrogen bonds in pairs of thymine-adenine and cytosine-guanine 
  
 
1253 Galiya E. Zhussupova and Aizhan I. Zhussupova /  Procedia - Social and Behavioral Sciences  191 ( 2015 )  1247 – 1254 
As could be seen from the Fig. 5, between the nucleotide bases in the pair of thymine-adenine (T-A) two 
hydrogen bonds, while at cytosine-guanine (C-G) three hydrogen bonds are formed. The metabolism of the 
biological molecules in the Krebs cycle will be understandable for the students in case of their prior knowledge of 
aldol condensation of organic compounds with the accompanying understanding of the importance of choosing 
carbonyl and methylene components due to the different reactivity of oxocompounds, conditions of decarboxylation 
of two and/or more basic carboxylic acids, mechanisms of dehydrogenation, hydration and isomerization reactions 
(Traven, 2006). Within the module of “Amino acids and proteins” in the course of “Organic chemistry”, questions of 
their classification, structure of amino acids, their amphoteric character, caused by the availability of amine (main) 
and carboxyl (acid) groups, formation of the peptide bond, trance orientation of hydrogen and oxygen atoms in it, 
reaction with ninhydrin, alkylation and acylation of amino groups are studied.  Such knowledge is used and 
consolidated further in the courses of bioorganic chemistry, biochemistry, chemistry of natural compounds, when 
estimating an isoelectric point of amino acids, finding the primary structure of a protein, detecting the conformation 
of the peptide bond.  The rigidity of a peptide fragment, caused both by the length of its bond, and transconfiguration 
of amine hydrogen and carbonyl oxygen, along with the existence of hydrogen bond between CO-group of each 
amino acid and NH-group of the amino acid located in linear sequence on 4 bases ahead, promote conformational 
stability of protein.  Designation of N- and C- terminal amino acids while determining amino acid sequence of 
peptides and proteins includes reactions of alkylation of amino group, hydrazinolysis of carbonyl groups, oxidation 
and reduction of disulfide bridges, facilitating linkage of polypeptide chains with each other.  Knowledge of 
regularities of keto-enol tautomerism allows penetrating into an essence of biosynthesis of aromatic amino acids and 
producing pyruvic acid, occurring in the body during the catabolism of D-glucose.  Reactions of amination of 
oxoacids with formation of Schiff bases could be explained by the process of their transition to amino acids 
(Tyukavkina, et al., 2008). When studying the “Carbohydrates” module in the course of “Organic chemistry”, 
questions of their classification, genetic linkage of monosaccharides, their stereochemistry, reaction on two functional 
groups (oxy- and oxogroups), formation of oligo- and polysaccharides are considered.  Those are the questions, which 
in the courses of bioorganic chemistry and biochemistry are fundamental for studying, understanding and in-depth 
study of stereochemistry of carbohydrates, physiological role of reducing and non-reducing sugars, differences 
between aldoses and ketoses and conditions of their mutual transition, and also pathways of catabolism and anabolism 
of carbohydrates in a living organism. In case of a catabolism of carbohydrates, knowledge of reactions of 
etherification, mutarotation, isomerization, oxidation, reduction, and the concept of the keto-enol equilibrium of 
oxoacids are necessary (Zhusupova, 2009).  It is difficult to imagine splitting of a six-carbon skeleton on an example 
of fructose diphosphate on two three carbon skeleton, without knowing the mechanism of aldol condensation and 
comparative activity of glyceraldehyde phosphate and dioxyacetone phosphate, which are formed in this case 
(carbonyl and methylene components, correspondingly).  Besides, it is necessary to pay attention to accurate 
differentiation of aldose and ketose in natural monosaccharides, but impossibility of their differentiation with the 
application of widely used qualitative reaction of “a silver mirror”, used in the course of “Organic chemistry” for the 
qualitative detection of aldehyde and ketone groups.  The latter could be explained by the presence of the enol form, 
facilitating mutual transition of aldoses and ketoses into one another (Brown, et al., 2012). Practical orientation of the 
gained theoretical knowledge, when studying various organic compounds, relating to biological molecules (oxidized 
and reduced forms of flavonoids, other polyphenols, heterocyclic natural compounds, amino, oxy- and oxoacids, 
proteins, carbohydrates, lipids, vitamins), students retain and implement, when performing laboratory researches.  
Thus, for example, the “Amino acids, proteins, enzymes” module, includes already gained by the students 
knowledge on the chemical properties of amino acids, associated with the existence of amino- and carboxyl groups 
in them, as well as conducting new types of works, such as purification of protein from low-molecular fragments 
using the method of dialysis, determination of qualitative and quantitative composition of amino acids in various 
samples of raw plant materials.  For definition of qualitative composition of amino acids, methods of one - (with 
application of standard samples) and two-dimensional paper chromatography are used to obtain a “peptide map”, 
their quantitative assessment is carried out on a photo colorimeter. Use of different types of raw materials or 
substances, isolated on their basis, makes possible conducting of laboratory works using the same methodology, but 
on an individual task for each student, what forms their independence and responsibility. During laboratory research 
within the courses of “Chemistry of natural compounds” and “Technology of processing of medicinal plants”, the 
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objects of study are medicinal plants, biological activity of which is proved by long-term practice of traditional 
medicine.  However, the stock of studied plants on the territory of Kazakhstan (which should be industrial), 
ecological and economic feasibility of isolation of substances on their basis and their standardization have to be 
considered as well.  Only such selection criteria will give prospect for research, started by students, and their 
possible continuation during the implementation of their diploma work and further training during master and 
doctoral level studies.  First of all, the student should ensure the authenticity and high quality of raw material by its 
macroscopic and microscopic analysis, definition of all types of ash content, humidity, and definition of 
radionuclides, heavy metals and determination of microbiological purity (Belikov, 2003). After that carry out the 
identification of the above mentioned various groups of biologically active compounds, which are presented as the 
objects of study and to estimate the quantitative content of active ingredients in it, what demands from students an 
intelligent selection of all gained knowledge and its application for carrying out research on defining the qualitative 
and quantitative component structure of plants and substances, isolated on their basis. For standardization of studied 
medicinal plants, as well as substances, isolated on their basis, development of the methods of separation of the 
complex of biologically active agents on individual compounds, identification of which is based on professionally 
based combination of physical and chemical methods of analysis of complex natural structures, estimated on high-
resolution devices is necessary.  Standardization of substances is possible under validation of all techniques, used for 
quantitative analysis of the main groups of biologically active agents in them, and all technological stages of their 
production (Belikov, 2003). Thereby, we conducted methodical study on the extent of use of theoretical and 
practical skills, obtained by students during the study of the course of “Organic Chemistry” in the above-mentioned 
subsequent disciplines for the achievement of the greatest efficiency of their training.  Understanding of these 
questions is not only the act of responsibility of each teacher before his/her students, but also promotes the 
purposeful training of specialists, necessary for formation and development of pharmaceutical branch in the 
Republic of Kazakhstan. 
3.  Conclusion 
Data on structural and logical continuity of a basic course of “Organic chemistry” with the subsequent studied 
disciplines, such as “Biochemistry”, “Bioorganic chemistry”, “Chemistry of natural compounds”, “Chemistry and 
technology of natural heterocyclic compounds”, and “Technology of processing of medicinal plants”, closely 
connected with the production of medicinal preparations on the basis of wild-growing medicinal plants of 
Kazakhstan are presented in this paper. The conducted research on interrelation of courses of lectures and laboratory 
research on the above mentioned disciplines will promote their mutual enrichment and improvement for effective 
training and most importantly will promote formation of student competence in their research work. 
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